half the deaths from diseases of the circulatory system occur in patients over 75 years of age yet little is known of the pathology of the heart in the elderly. Recent clinical reviews (Caird, 1963; Lancet, 1963) emphasize the importance of this subject, but though information on the general morbid anatomy of old age is accumulating (Howell, 1963) , little detailed work on cardiovascular pathology is at present available. Cardiovascular disease accounts for over 40 per cent of deaths over 75 years, and with the increasing life span of the population, the problem of heart disease in the elderly is one of growing importance. At the same time the quantity of pathological material available for study is also increasing. The routine necropsies in this hospital over a 22-month period have included 370 patients over 75 years of age, and this communication describes the results of detailed studies of their hearts. Findings in patients with cardiac failure are compared with those in patients with clinically normal cardiovascular systems, and the part played by the various abnormalities, and by multiple pathology, in the pathogenesis of cardiac failure in the elderly is discussed.
MATERIALS AND METHODS
The 370 hearts studied were obtained from the routine necropsy material of this hospital over a 22-month period, and included almost all patients dying over the age of 75 who had been admitted as acute medical or surgical emergencies or into the geriatric wards. It was not possible to include cases where necropsy was performed on the instruction of H.M. Coroner, but the material was otherwise unselected.
Following the routine necropsies, performed by any of the pathologists of this department, a further detailed examination of all adult hearts was carried out by the author personally, as part of a research project into various aspects of geriatric heart disease. All hearts showing abnormalities of valves or endocardium, however minor, were fixed whole, re-examined after fixation, and suitable blocks were taken for histological examination. In addition, all hearts from patients over 80 years of age, as well as representative numbers of younger age-groups were also fixed and re-examined grossly and microscopically and the findings were recorded.
Details of non-cardiac pathology and the heart weights were obtained from the necropsy reports; the clinical findings were those of the physician or surgeon in charge of the case at each admission, and reports of cardiographic findings, special investigations, and therapy were also obtained from the case notes.
The patients were divided into four age-groups: 75-79 years, 80-84, 85-89, and 90 and over, and the findings in those with cardiac failure compared with those with clinically normal cardiovascular systems, in the series as a whole and in each separate age-group. The age and sex distributions of the 370 cases are shown in Table I . The term "cardiac failure" is used in a generally accepted sense to include both acute cardiac deaths, such as cardiac tamponade and acute left ventricular failure, and chronic congestive failure. The criteria for the diagnosis of chronic congestive failure were the presence of the classical clinical findings in life, confirmed by necropsy findings of passive congestion of lungs, liver, spleen, kidneys, and viscera generally. In addition a few patients in whom clinical data were inadequate but who showed the characteristic appearances of passive venous congestion at necropsy were also included.
RESULTS
Thirteen different abnormalities occurred with sufficient frequency to justify individual attention. Most are well-recognized pathological or clinical entities, described in standard textbooks. These include ischemic, hypertensive, and rheumatic heart disease, cor pulmonale, syphilis, bacterial endocarditis, and calcified aortic stenosis: their incidence is represented diagrammatically in Fig. 1 . In addition, several -less well-recognized conditions were encountered, including non-bacterial (thrombotic "malignant") endocarditis, calcification of the mitral valve ring, mucoid degeneration of atrio-ventricular valves, senile cardiac amyloidosis, and post-inflammatory thickening of the valves of indeterminate oetiology. The incidence of these is shown diagrammatically in Fig. 2 interventricular septum, and calcification in a mitral valve varix or hzematoma were also encountered, and 9 had very minor congenital abnormalities. Ischemic Heart Disease. As expected, this was the commonest finding in the patients with heart failure (48%), but was also found in 18 per cent of the non-failure patients. Much of the difference was made up of recent active infarction, which was present in 23 per cent of those with failure, and only found in one (0-5%) of the others. As noted by McKeown (1963) demonstrable total coronary occlusion was commoner in these elderly hearts than is generally believed; complete obstruction of a major coronary artery by thrombus or hemorrhagic atheromatous debris was present in approximately half the cases with recent infarction, the remainder showing apparently uncomplicated atheromatous stenosis. Cardiac rupture had occurred in 5 (3%). Chronic ischzemic changes, in the form of fibrosed infarcts, and focal or diffuse myocardial fibrosis, were only twice as frequent in the failure group (35%) as the non-failure group (17%), and this difference again was due to cases with localized infarcts. The incidence of patchy diffuse fibrosis, whether grossly visible or only diagnosed on microscopy, was the same in both groups (13%).
Variations in the incidence of ischoemic heart disease with age were not great between 75 and 90 years in the failure group, but there was a significant fall in those over 90. However, as there were only 14 patients over 90 with failure, these results are of doubtful significance. In the non-failure patients the incidence of chronic ischlmic lesions did appear to increase with age (Table II) . Calcific Valvular Degenerative Changes. This finding was only slightly less common than ischemic lesions in the failure group (450 ) and the commonest finding in the non-failure group. The term is used to describe two forms of calcium deposition which are known to be common in the aged: (a) calcification in the mitral valve ring (Fig. 3) , and (b) calcification of the aortic cusp fibrosa. Aortic stenosis and sclerosis resulting from the latter condition are discussed in all reviews of geriatric heart disease, but are not generally distinguished from stenosis due to calcification of fused aortic commissures. In the present series the incidence did not vary significantly with age or cardiac failure. The clinical importance of mitral ring calcification is not yet widely recognized, but there seems no doubt that it can result in mitral incompetence and heart block. It is undoubtedly an ageing phenomenon, seen only in the elderly heart, and, as would be anticipated, the incidence rose with age, while remaining higher in the failure cases, but fell again in the over-90 group (Table  III) .
Hypertensive Heart Disease. The range of blood pressure in old age shows considerable variation, but 210/110 mm. Hg seems to be the generally accepted upper limit of normal (Caird, 1963) . Of the heart failure patients, 35 per cent had readings above this level in their final admission or were known to have been hypertensive from previous admissions, compared with 11 per cent of non-failure patients. Rather surprisingly, since hypertension is generally considered a disease of late middle age, the incidence in both groups rose with age up to 90 years, when it fell to 21 per cent of failure cases, and none in those without failure (Table IV) . These three findings were those most often seen in patients over 75 years in this hospital. Each may have been the only cardiovascular abnormality present, but multiple pathology was more often seen. This problem is considered further later in this communication. The remaining less common pathological abnormalities encountered are considered in order of frequency.
Senile Cardiac Amyloidosis. This appears to be a clinically distinct variety of primary amyloidosis (Briggs, 1961) characterized by the advanced age of the patients, and almost entirely cardiac localization of the deposits which surround, compress, and finally replace the myocardial fibres. It was present in 18 per cent of patients with cardiac failure, and 5 per cent of those without. The incidence in both groups rose with age and was as high as 71 per cent of the 14 patients over 90 years with cardiac failure (Table IV) .
Endocarditis. Recent fibrin vegetations were found on the mitral or aortic valve in 11 per cent of the failure patients. The non-bacterial (thrombotic) form was commonest (Fig. 4 ), but bacterial endocarditis ( Fig. 5 ) was present in 3 per cent of those with failure, as well as in one (0'5%) apparently not in failure. The mitral valve was most often involved, with vegetations on the line of apposition, or on other areas of endothelial damage such as the commissures in rheumatic mitral stenosis, or over severe mitral ring calcification. Vegetations on the aortic valve alone were present in only 2 (1%). None of these had been diagnosed before death and the incidence was not apparently related to age (Table V) . (Fig. 7) . The process appears to start t p g . in the distal half of the cusp, and results in ballooning of the valve leaflet, which thus W 4Z~~~~~#'.1~~r esembles a parachute (Fig. 8) Syphilitic Aortitis. Aortic incompetence was uncommon. There were only three cases (2%), all in the failure group, with syphilitic aortic incompetence.
Frequency in Hearts with only one Pathological Abnormality. The difficulty of determining the cause of cardiac failure in an elderly patient in life is frequently reflected in the difficulty of determining which of two or more pathological abnormalities found at necropsy was responsible for precipitating failure. No problem occurs with large recent infarcts, or cardiac rupture, but in a patient with hypertensive heart disease and diffuse ischemic myocardial fibrosis for example it is not possible to determine which of these was the more important in causing the terminal left ventricular failure. In patients with several minor abnormalities, speculation as to which, if any, of these was responsible for failure may be even more unrewarding.
In an attempt to assess the relative importance of the pathological findings described above, the results in hearts with one abnormal finding only were also considered separately (Table VIII) Ischemic changes remained the most common finding in the failure group (13%), and degenerative heart disease in the non-failure group (16%). Not surprisingly, acute ischemic changes were the most frequent solitary abnormality found in the heart failure cases, and occurred more than twice as frequently as any other single pathological process. Chronic ischemic changes alone, however, were far commoner in the non-failure series (11% compared with 2.5%). There was no difference in the incidence of hypertensive heart disease in failure and non-failure groups (4%), and the number of hearts in which only one of the other findings under consideration was seen were too few for the figures to have any comparative value. Syphilitic aortitis and endocarditis were not seen as isolated findings. Multiple Pathology. It is clear from the previous paragraph that cases of cardiac failure showing only one pathological abnormality are the minority, and are mainly those with recent myocardial infarction. When the number of separate abnormalities seen in each heart was determined, and the figures compared as previously (Table IX) multiple pathology was far commoner in the failure cases, with 65 per cent showing two or more of the pathological processes just described, compared with 13 per cent of the non-failure group. Since multiplicity of diseases generally increases with age, the finding that the number of cardiac abnormalities also increases with age is to be anticipated. This rise was more marked in the failure group. Patients with more than two findings were uncommon in the non-failure group, though these findings include ones often stated to be normal in old age. The large number of patients showing no pathological abnormality in spite of advanced age is of interest. This number naturally decreased with age, but over one-quarter of the 85-89 ARIELA POMERANCE 706 group.bmj.com on April 12, 2017 -Published by http://heart.bmj.com/ Downloaded from and over-90 groups had hearts that were indistinguishable from those of patients up to 40 years younger dying of similar conditions.
" Senile Heart Failure" and Heart Weight. "Senile heart failure " is used as a purely descriptive term by Rose and Wilson (1959) to classify cases of congestive failure with completely normal hearts. This finding was uncommon in the present series. There were only 7 cases, and anaemia probably accounted for the failure in 3, leaving 2 per cent which fell into the category of "senile heart failure".
Brown atrophy is sometimes thought to be responsible for failure in the elderly, but experience with large numbers of elderly hearts in this hospital has confirmed the findings of Rose and Wilson (1959) that brown atrophy is rather commoner in hearts from patients without cardiac failure. It is generally noted only in small hearts such as those from patients dying of carcinomatosis or other wasting disease, and the small heart is less likely to go into congestive failure (Sonnek, 1954) . In the present series no attempt was made to estimate the incidence of brown atrophy, but the heart weights in the two groups were compared. The results agree with those of Sonnek (1954) . The average heart weight in the failure group was 440 g. and that in the non-failure group 330 g.
DISCUSSION
The etiology of heart failure is often obscure in the elderly, and suggested diagnoses are frequently erroneous or incomplete (Howell, 1963) . "Myocardial degeneration" appears as the commonest cause in patients over 75 (General Register Office, 1964) . Although implying specific involutional changes, this term has no known pathological basis. Ischocmia is widely held to be the cause of most cases of clinically obscure cardiac failure (Caird, 1963; Agate, 1960; Bedford and Caird, 1956; Boas, 1950) , but Rose and Wilson (1959) only found ischemic changes in 38 per cent of such cases, and similar changes were present in 22 per cent of controls. Diffuse fibrosis was equally frequent in both groups in the present series, confirming Rose and Wilson's (1959) view that the role of ischemia is overemphasized, and suggesting that Caird's (1963) more recent concept of ischaemia as a contributory factor with other pre-existing pathology is more probable.
In contrast to Rose and Wilson's 36 per cent of patients, only 2 per cent of our failure group had no cardiac abnormality. The present author's results are based on the view that the normal heart in old age is pathologically indistinguishable from the normal heart of any younger adult (Gavey, 1949; Agate, 1960; Steinbach, 1964) , and this view was justified by the high proportion of cases in the nonfailure group with hearts indistinguishable from those of patients many years younger. The wellrecognized pathogenic factors in cardiac failure (Fig. 1) are fully discussed in clinical reviews (Caird, 1963; Bedford and Caird, 1956, 1960; Agate, 1960) , and the present findings do not differ appreciably from these. However, physicians are becoming increasingly aware that geriatric heart disease may be caused by less well-recognized processes (Lancet, 1963) . Mitral ring calcification, mucoid degeneration of mitral valves, non-bacterial endocarditis, and microscopical post-inflammatory changes, though not considered in the above surveys, occurred sufficiently often for assessment of incidence in the present series, and all were one and a half to five times commoner in failure than in non-failure cases, suggesting a relationship to the failure. This relationship might be of cause or effect, but only non-bacterial (thrombotic) endocarditis is likely to be a result rather than a cause of failure. This is generally a terminal occurrence, without practical significance, but emboli are not infrequent, and coronary embolism with myocardial infarction from this source is occasionally seen in this hospital. It seems likely that the remaining abnormalities found are factors in the pathogenesis of congestive failure in the aged.
Calcification of the mitral valve ring and aortic cusp fibrosa are described as common in ageing (McMillan and Lev, 1964; Gross and Kugel, 1931) (Rytand and Lipsitch, 1946; Grayson, 1948; Simon and Liu, 1954) , and 12 of a recent series of 14 severely affected patients died of cardiac failure attributed to ring calcification (Korn, DeSanctis, and Sell, 1962) . In the present series left atrial dilatation, apical systolic murmurs, and conduction defects were also commonly associated with mitral ring calcification. The significance of minor degrees of this condition is not so clear. The junction of mitral ring and membranous interventricular septum is involved early, and therefore ring calcification may be responsible for some cases of heart block which is common in varying degrees in the elderly (Agate, 1960) . This type of calcification was indeed found in 6 of Lumb and Shacklett's (1960) References to mucoid degeneration of atrio-ventricular valves are scarce. Fernex and Fernex (1958) describe this condition, with two cases of mitral incompetence caused by it, and Caird's (1963) case of mitral incompetence attributed to "an accessory mitral cusp with stretching of the chordc and prolapse of the valve in systole" appears to be another example, as the voluminous " parachute " like posterior cusp resembles accessory valve tissue (Fig. 8) . The Ttiology is unknown, though a similar condition in cattle suggested chronic hypoxia as a factor (Fernex and Fernex, 1958) . It was not seen as an isolated finding in our cardiac failure group, but the incidence was twice as high as in the non-failure group. It is, therefore, unlikely to be a direct primary cause of failure though it may well be a contributory factor.
Opinions on the clinical importance of senile cardiac amyloidosis vary, but most agree that it can cause cardiac failure and is likely to do so in a high proportion of severely affected patients (Buerger and Braunstein, 1960; Symmers, 1956; Josselson, Pruitt, and Edwards, 1952) . In a series from this hospital (Pomerance, 1965) it appeared responsible for failure in 25 per cent of patients; this proportion is maintained in patients seen since. In the present investigation senile cardiac amyloid was present in 18 per cent of the failure series and in 5 per cent of the non-failure series.
creased with age, they may be an indication of previous carditis occurring during the respiratory infections to which the elderly are prone.
Recent clinical reviews are recognizing the importance of multiple pathology in geriatric cardiology (Caird, 1963; Agate, 1960) , and the present survey confirms this. Multiple pathology was present in the hearts of 65 per cent of failure patients, compared with 13 per cent of non-failure ones. As anticipated, the incidence rose with age. It was usually difficult to allocate responsibility for the failure to a single pathological factor; the majority of those in whom the cause of failure was unquestionable were patients with recent myocardial infarction. This difficulty parallels clinical experience in determining the pathogenesis of cardiac failure in geriatric patients. It seems probable that in these patients it is the result of two or more relatively minor pathological conditions, of which ischaemic changes are the commonest, and while each may be of no significance alone, when combined with other equally insignificant processes, the aggregated impairment of cardiac efficiency is sufficient to precipitate failure. However, Agate's (1960) statement that congestive failure in the elderly differs from that in younger age-groups only in multiplicity of pathology does not appear justified by the present results, since two of the pathological processes concerned, i.e. senile cardiac amyloidosis and degenerative calcific changes, are only found in elderly patients. The problem of " senile myocardial degeneration" also remains, since there were a few patients with cardiac failure in whom no abnormality could be seen. However, this state of affairs is not unknown in younger age-groups, and merely reflects the limitations of present diagnostic techniques. It remains possible, however, that a specific involutional change may eventually be identified in the myocardium and a further pathological process added to those which can contribute to the pathogenesis of heart failure in old age.
SUMMARY
The pathological findings in the hearts of 162 patients with cardiac failure who died over the age of 75 have been studied and compared with those in 208 patients in the same age range with clinically normal cardiovascular systems.
In the failure cases, ischemic heart disease was the commonest finding (48.5%), followed in order of frequency by degenerative calcific changes in mitral ring or aortic cusp, hypertension, senile cardiac amyloidosis, endocarditis, cor pulmonale, calcified aortic stenosis, rheumatic heart disease, mucoid degeneration of the mitral valve, and syphilis. All these were less common in the non-failure group, where degenerative calcific changes were the most frequent finding (29%) followed by ischemic changes, hypertension, senile cardiac amyloidosis, rheumatic heart disease, cor pulmonale, endocarditis, calcified aortic stenosis, and mucoid degeneration.
The incidence of ischmmia and cor pulmonale did not vary greatly with age in the failure group, neither did rheumatic heart disease, but there were no cases of this disease without failure over the age of 80. The incidence of the remaining conditions rose by varying degrees with age, though hypertension and calcific degenerative heart disease fell again in patients over 90 with failure, and mucoid degeneration was less frequent in both groups over this age.
The most striking feature of cardiac failure in the elderly was the multiplicity of pathological findings in individual hearts. This increased with age and made assessment of the pathological basis of the failure difficult. Failure of a structurally normal heart ("senile heart failure") was an uncommon finding (2-5%).
The pathology of the geriatric heart can include any form of adult heart disease, and, in addition, senile cardiac amyloidosis and degenerative calcific changes in mitral ring and aortic cusp fibrosa, which are found only in the elderly. Failure is usually associated with the presence of two or more pathological processes. These may not appear sufficient to impede cardiac function individually and it is suggested that in these cases the effects of each process are cumulative with eventual failure of the elderly myocardium.
